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(57) ABSTRACT 

A system for sensing relative position betWeen chassis (511, 
5b) and axle (3) on a vehicle, Which vehicle is provided With 
a so-called V-rod (1) mounted betWeen the chassis (511, 5b) 
and the axle (3) Where the pointed end of the V is connected 
by a ball joint (2) to the axle (3) of the vehicle and the 
opposite ends (111, 1b) of the V-rod (1) are connected to the 
chassis (511, 5b) of the vehicle, Which ball joint (2) comprises 
a partly ball-shaped body (8) permanently ?xed to the axle 
or the v-rod, encircled by a complementarily shaped collar 
(9) arranged round the Whole or parts of the ball-shaped 
body (8) Which ball joint (2) is covered by a cap or housing. 
The system is characterised in that on the ball (8) or in 
connection With the housing in the ball joint there are 
mounted a sensor (6) and an identi?cation area (7) Which is 
detected by the sensor (6) respectively, Which identi?cation 
area (7) is provided With information for registering position 
in at least one direction and that the sensor (6) registers the 
position of the identi?cation area (7) in at least one direction. 

11 Claims, 2 Drawing Sheets 
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SYSTEM FOR SENSING LEVEL CHANGE IN 
VEHICLES 

The present invention relates to a system With a level 
sensor for use in vehicles With air suspension or hydraulic 
suspension for identifying the position of an axle in relation 
to the vehicle’s chassis structure. 

In vehicles With air suspension a device is required for 
detecting the position of one or more axles in relation to the 
vehicle’s chassis. When the vehicle is loaded the device Will 
detect this and implement a compensation of the pressure in 
relevant parts of the air suspension system (preferably one or 
more air bellows) in order to keep the level and the relative 
position betWeen the axle and the chassis constant or Within 
desired tolerances. In different embodiments one or more 
devices may be employed for detecting relative position 
betWeen axle and chassis, depending on Whether it is only 
level that requires to be compensated or also heeling result 
ing from unbalanced loading. In this case, if there are several 
axles, tWo or more sensors Will be able to control different 
parts of the air suspension system, for example the pressure 
in different air belloWs. If a sensor is mounted on each side 
of the vehicle, the system Will be able to detect and com 
pensate both level in general and heeling to one speci?c side. 
If a heeling inhibitor is employed, it Will also be possible to 
use only one sensor provided the opposite side is kept at 
approximately the same level by means of the heeling 
inhibitor. 

In a system of this kind it is normal practice to employ 
torsion potentiometers as transmitters/sensors, Which are 
in?uenced by rods or other mechanical connections and 
Which furthermore communicate With an electronic control 
system or a valve. 
A number of systems are knoWn in the art for relative 

position detection and level/heel adjustment of this kind. 
From US. Pat. No. 6,412,790 a method for such level 
identi?cation is knoWn Where a rod is installed betWeen axle 
and chassis, Which rod operates a valve in the air suspension 
circuit When the relative position changes, thus making it 
desirable to adjust the level. This may be a relative distance 
Which is both too large and too small, depending on the 
loading on the vehicle. The valve then adjusts the pressure 
in the air belloWs/spring belloWs. During this process the 
sensor and the mechanical arrangement are exposed to fairly 
severe environmental stresses from stone spatter and Water 
in addition to the risk that loose obstacles on the road or 
under the vehicle (such as chains, etc.) may damage the 
components or change the geometry betWeen chassis and 
axle, resulting in incorrect sensing/adjustment. A further 
draWback is that tWo sensors are required for detecting and 
adjusting heeling. The sensors and the rod arrangement are 
expensive and installation must be carried out on the vehicle 
factory’ s main assembly line to ensure that it is located in the 
correct position betWeen chassis and axle. The rod arrange 
ment, moreover, has to be correctly aligned on each vehicle 
in order to adjust the height correctly. 

Furthermore, from EP 1 199 196 the use is knoWn of level 
identi?cation Within the actual suspension belloWs With, for 
example, an ultrasound measuring device for distance mea 
surement. The disadvantage of this system is that the sensor 
is located inside the belloWs, Which is inconvenient With 
regard to access during replacement, etc. Moreover, it is 
necessary to place a sensor in each belloWs in order to 
correct the height level accurately. 

The object of the present invention is to provide an 
improved system for level identi?cation for adjustment, and 
possibly also for identi?cation of heeling and adjustment in 
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2 
vehicles With air suspension or hydraulic suspension. The 
system is improved With regard to the disadvantages asso 
ciated With previously knoWn solutions and can detect 
heeling and level change With only one sensor. 

According to the present invention a neW system is 
provided for identifying level change and heeling based on 
a so-called V-rod. From NorWegian patent 308963 inter alia, 
this is knoWn as a connection betWeen an axle and the 
chassis of a vehicle. The V-rod is arranged located in the 
longitudinal direction of the vehicle and is mounted in the 
bottom of the V on the axle. The mounting of the V-rod on 
the axle is rotatable substantially about tWo axes (in and 
across the vehicle’s longitudinal direction) and is a ball 
bearing. Each of the sides of the V is also connected With the 
chassis. Thus, When the axle moves relative to the chassis, 
the angle of the V-rod relative to the chassis Will change. 
This applies both to level change and heeling. Thus, at a 
point Where the V-rod is connected to the axle, it Will be 
possible to detect both level change and heeling. 
The ball bearing of the V-rod is preferably provided With 

an external “housing” or cap that surrounds the upper parts 
of the ball bearing and protects it. This cap can be easily 
removed for inspection and maintenance. According to the 
present invention the sensor for identifying level and heeling 
is mounted inside the housing or under the cap in connection 
With the actual ball bearing. The sensor is therefore pro 
tected against external in?uences. 

According to a preferred embodiment of the present 
invention, the sensor is also contact-free, there being no 
mechanical connection betWeen the V-rod and a ?xed point 
on the axle (the ball connection) Which provides a repre 
sentation of the relative position betWeen chassis and axle. 
This is preferred since calibration and adjustment of the 
connection are thereby avoided, there are feWer parts that 
might break doWn and require inspection and less need for 
individual adjustment during installation. In additional 
embodiments, hoWever, it may be possible to use various 
mechanical connections such as arms or the like betWeen the 
sensor and a relative sensing point. 
According to the present invention, therefore, a system 

has been provided for sensing the relative position betWeen 
chassis and axle on the vehicle, Which vehicle is provided 
With a so-called V-rod mounted betWeen the chassis and the 
axle Where the pointed end of the V is connected by a ball 
joint to the axle of the vehicle and the opposite ends of the 
V-rod are connected to the chassis of the vehicle, Which ball 
joint comprises a partly ball-shaped body permanently ?xed 
to the axle or the V-rod, encircled by a complementarily 
shaped collar arranged round the Whole or parts of the 
ball-shaped body, Which ball joint is covered by a cap or 
housing. The invention is characterised in that on the ball or 
in connection With the housing in the ball joint there are 
mounted a sensor and an identi?cation area Which is 
detected by the sensor respectively, Which identi?cation area 
is provided With information for registering position in at 
least one direction and that the sensor registers the position 
of the identi?cation area in at least one direction. Thus the 
sensor and the identi?cation area are integrated in the V-rod 
and can be further connected With the vehicle’s control of air 
suspension or hydraulic suspension for compensation of 
level and/or heeling. 

In an embodiment, therefore, the sensor is mounted in the 
cap or in another fashion in connection With the ball joint’s 
housing While the identi?cation area is mounted on the ball. 
In a further embodiment the identi?cation area is mounted in 
the cap or in another fashion in connection With the ball 
joint’s housing While the sensor is mounted on the ball. 
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Furthermore, the system is dependent on Whether the ball 
in the ball joint is a part of the axle or the V-rod as long as 
the sensor is connected With the cap or the housing round the 
ball bearing and the identi?cation area is provided on the 
ball. In alternative embodiments the reverse may, of course, 
also be the case. 

In an embodiment the identi?cation area that is detected 
by the sensor is provided With information for registering 
different positions in tWo directions and the sensor registers 
the position of the identi?cation area in these tWo directions. 
The sensor may be of several different types Which detect the 
identi?cation area in the folloWing manner: mechanical 
identi?cation, distance identi?cation With light, distance 
identi?cation based on surface state as light re?ection, 
magnetic identi?cation or ultrasound. 

The identi?cation area is adapted to the sensor and is 
provided With information consisting of a number of indi 
vidual, dissimilar sections With different characteristics such 
as: re?ecting poWer, material thickness, surface state or 
mechanical pro?le. For example, different degrees of surface 
roughness may be used. Magnetic sensing of an identi?ca 
tion area With variable thickness may, for example, also be 
employed. These are solutions that for the most part are 
available to a person skilled in the art. 

In a further embodiment the identi?cation area that is 
detected by the sensor is provided With information for 
registering the position in tWo directions Where the infor 
mation in one of the directions provides progressive position 
sensing While the information in the other direction provides 
sensing of the extreme points and that the sensor progres 
sively registers the position of the identi?cation area in one 
of the tWo directions in addition to Which the sensor registers 
extreme points in the second of the tWo directions. Thus 
progressive detection of position in one direction can be 
combined With detection of extreme points in a second 
direction by detection of high or loW value. 

Alternatively, the identi?cation area that is detected by the 
sensor is provided With information for registering position 
in tWo directions, Where the information in both directions 
provides progressive sensing so that the sensor progressively 
registers the different positions of the identi?cation area in 
one or both of the tWo directions. 

If extreme points are detected on the identi?cation area in 
one direction, it may result in the sensor not “seeing” the 
identi?cation area in the other direction, unless the outer 
limit sensing also permits progressive sensing in the other 
direction. In this case the identi?cation area and the sensor 
must be returned to a position Where the sensor again “sees” 
the identi?cation area. This is preferably accomplished by 
means of a correcting movement as the result of the outer 
limit signal. This correction may bring the sensor into a 
situation in the middle of the identi?cation area. 

In different embodiments the information in the identi? 
cation area is composed of a majority of individual sections 
for progressive detection of the position and a minority of 
individual sections for registering the extreme points. 

The sensor may be connected With the identi?cation area 
via a mechanical connection. In this case the sensor is 
usually a torsion potentiometer. 

In a further embodiment the signal representing the 
detected position is transmitted in one or tWo directions from 
the sensor to a processing unit. If the time interval betWeen 
position changes is short (i.e. rapid changes), an alarm signal 
is activated for play in the ball bearing. 

In yet another embodiment the signal representing the 
detected position is transmitted in the direction representing 
heeling from the sensor to a processing unit Where accumu 
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4 
lated heeling in relation to a neutral starting point is regis 
tered, and Which processing unit activates an alarm signal 
for dangerous heeling When the accumulated distance rep 
resenting heeling exceeds a predetermined value. 

Various aspects of the invention are further illustrated in 
the attached ?gures, in Which: 

FIG. 1 illustrates the position of a V-rod in a vehicle; 
FIG. 2 illustrates a sensor element in the mounting of the 

V-rod; 
FIG. 3 is a schematic illustration of an embodiment of an 

identi?cation area and sensor elements; 
FIG. 4 illustrates an embodiment of an identi?cation area. 
FIG. 1 illustrates a ball joint connection 2 betWeen V-rod 

and chassis With sensor 6 in the cap over the ball 8. The 
partly ball-shaped body 8 is encircled by the collar 9 Which 
in turn is connected With the housing (and the cap) in such 
a manner that the collar 9 moves relative to the ball body 8. 
Moreover, on the ball joint 2 on the ball 8 there is provided 
an identi?cation area 7. 

Furthermore, in FIG. 2 there is illustrated a general 
perspective vieW of an example of a V-rod 1 With rod parts 
1a, 1b Which are connected With respective parts of the 
chassis 5a, 5b. The axle 3 With Wheel 4 is further connected 
With the V-rod 1 via the ball joint 2. 

In FIG. 3, moreover, there is illustrated an example of 
mechanical connection in an embodiment of the invention 
vieWed from above doWn into the ball joint. The identi?ca 
tion surface 7 is provided With chambers or raised parts 10, 
Which When moved move Wheel 11 connected With torsion 
potentiometers 12 Which are sensors in the system. 
A further embodiment is illustrated in FIG. 4 Where an 

identi?cation area is vieWed from above (from the sensor). 
The area 70 provides progressive sensing of position change 
With several sections With different characteristics While 
sections 711 and 7b provide only sensing of Whether the 
movement has reached an extreme point. 
The invention claimed is: 
1. A system for sensing relative position betWeen a chassis 

and an axle on a vehicle, Which vehicle is provided With a 
V-rod mounted betWeen the chassis and the axle Where a 
pointed end of the V is connected by a ball joint to the axle 
of the vehicle and opposite ends of the V-rod are connected 
to the chassis of the vehicle, Which ball joint comprises a 
partly ball-shaped body permanently ?xed to the axle or the 
V-rod, encircled by a complementarily shaped collar 
arranged round the Whole or parts of the ball-shaped body, 
Which ball joint is covered by a cap or housing, Wherein on 
the ball or in connection With the housing in the ball joint 
there are mounted a sensor and an identi?cation area Which 

is detected by the sensor respectively, Which identi?cation 
area is provided With information for registering position in 
at least one direction and that the sensor registers the 
position of the identi?cation area in at least one direction. 

2. A system according to claim 1, Wherein the identi?ca 
tion area Which is detected by the sensor is provided With 
information for registering position in tWo directions and the 
sensor registers the position of the identi?cation area in the 
tWo directions. 

3. A system according to claim 1 or 2, Wherein the sensor 
is of a type that detects the identi?cation area in one of the 
folloWing Ways: mechanical identi?cation, distance identi 
?cation With light, distance identi?cation based on surface 
state as light re?ection, magnetic identi?cation or ultra 
sound. 

4. A system according to claim 1 or 2, Wherein the 
identi?cation area is provided With information consisting of 
a number of individual, dissimilar sections With different 
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characteristics such as: re?ecting power, material thickness, 
surface state or mechanical pro?le. 

5. A system according to claim 1 or 2, Wherein the 
identi?cation area Which is detected by the sensor is pro 
vided With information for registering position in tWo direc 
tions Where the information in one of the directions provides 
progressive sensing While the information in the other 
direction provides sensing of the extreme points and the 
sensor progressively registers the position of the identi?ca 
tion area in one of the tWo directions, in addition to Which 
the sensor registers extreme points in the second of the tWo 
directions. 

6. A system according to claim 1 or 2, Wherein the 
identi?cation area Which is detected by a sensor is provided 
With information for registering the position in tWo direc 
tions Where the information in both directions provides 
progressive sensing so that the sensor(s) progressively reg 
isters the position of the identi?cation area in one or both of 
the tWo directions. 

7. A system according to claim 1 or 2, Wherein the 
information in the identi?cation area is provided With a 
majority of individual sections for progressive detection of 
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6 
the position and a minority of individual sections for regis 
tering position at the extreme points. 

8. A system according to claim 3, Wherein the sensor is 
connected to the identi?cation via a mechanical connection. 

9. A system according to claim 8, Wherein the sensor is a 
torsion potentiometer. 

10. A system according to claim 1, Wherein a signal 
representing the detected position in one or tWo directions is 
transmitted from the sensor to a processing unit, Which in the 
event of rapid changes of position activates an alarm signal 
for play in the ball bearing. 

11. A system according to claim 1, Wherein a signal 
representing the detected distance in the direction represent 
ing heeling is transmitted from the sensor to a processing 
unit Where accumulated heeling relative to a neutral starting 
point is registered, and Which processing unit activates an 
alarm signal for dangerous heeling When the accumulated 
distance representing heeling exceeds a predetermined 
value. 
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